. Structural of ZnO Thin Films had been studied by many authors [20] [21] [22] , it was found that, ZnO samples have hexagonal structure [23] [24] [25] .
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Experimental work
ZnO thin films were prepared using Radio Frequency (RF) technique. These films were prepared under vacuum less than 5.0 × 10 −6 Torr, onto quartz substrates which were placed into RF sputtering, these films were prepared using ZnO ingot powder of purity (99.99 %). The powder was placed in a disc target of four inches diameter. RF sputtering was adjusted with a power of 150 W for one hour with different substrate temperatures (room temperature, 100, 200, 300, 400 and 500 o C). The distance between the powder target and the substrate was maintained at 10 cm. Ar gas with a purity of 99.999% with a rate of flow 30 cm 3 /min was injected during sputtering process.
The microstructures of the ZnO films were investigated using scanning electron microscopy (SEM; JEOL, JSM6335F) and X-ray diffraction (XRD; Rigaku, D/MAX-Rc) with Cu K α radiation at a wavelength of 1.54 A°. The transmission spectra of the films were measured using UV/VIS double-beam spectrophotometer (Cary 5E) with a wavelength range from 300 nm to 800 nm.
Results and Discussion
Structure
The surface structure for the ZnO thin films with different substrates temperatures is shown in Fig. 1 . From this Fig. it was seen that, the grain size of increase with substrate temperature. While surface topography using Atomic Force Microscope (AFM). The X-ray results of these studied samples was carried out in our previous work [40] . 
Non-linear optical results
The third-order non-linear optical susceptibility χ (3) was determined using the following formula [43] :
where A is =1.7 x 10 -10 e.s.u [43] , E o is the oscillator energy and E d is the dispersion energy for these studied samples and had been determined in our previous work [40] .
The dependence of χ (3) on wave length (λ) for these samples is shown in Fig. 2 . From this Fig. it is seen that, χ (3) increase with photon energy (hν) for all these studied samples. This could be due to, when (hν) increses, the defliction of the incident ligth beam increases. While χ (3) increased with substrate temperture, due to when substrate temperature increases, the conductivity of these samples increase as a result of increasing the mobility of electron .
On the other hand, the both of real and imaginary part χ (3) was determined using the following equations [44] Where ε o is Vacuum permittivity ε o = 8.854187817×10
−12 F.m −1 [45] , β c is the non-linear absorption coefficient, c is the speed of light, n o is the static refractive index and n 2 is the non-linear refractive index.
The relation between (hν) and both of the Re χ (3) and Im χ (3) , for these samples are shown in Fig.  3 and 4. Respectively. From this Fig it was noticed that, Re χ (3) and Im χ (3) increase with (hν) for all these studied samples, this could be attributed to, when the (hν) increases this leads to increase of excited electrons which increase of χ (3) .
An important parameter of the non-linear optical parameters is that the non-linear refractive index (n 2 ), which was determined from the following simple equation [46] [47] .
Where (n o ) is static refractive index, which was determined for these studied samples using the following Equation.
[48]
The values of (n o ) for all studied samples is shown in Table 1 . n o increased with substrate temperature, as result of increase both value of E o , E d with substrate temperature, as shown in Table 1 . The dependence of the determined nonlinear refractive index (n 2 ) on (λ) is shown in The non-linear absorption coefficient (β c ) which is the different frequencies in order to excite a molecule from one to a higher energy electronic state, and was determined using the following equation [49] :
Where n is the refractive index which had been calculated for these samples in our previous work [40] .
The dependence of (β c ) on (hν) for ZnO thin films is illustrated in Fig.6 , from this Fig. it shown that, the behavior of the (β c ) increased for all these samples with (hν), this could be attributed to, when (hν) increases the number of excited electrons increases, which cause an increase of (β c ).
Linear optical susceptibility
linear optical susceptibility χ (1) describes the response of the material to an optical wave length and was determined using the following relation [50] : 
Egypt. J. Chem. Special Issue (2019) AHMED I. ALI AND AHMED ABDEL MOEZ
The relation between χ
(1) and (hν) for ZnO thin films with different substrate temperature is shown in Fig. 7 . From this Fig. it was seen that, χ (1) increased for all these samples with (hν), this due to, the increase when (hν) increases, the incident light intensity, increases which cause an increase χ (1) .
Electrical Susceptibility
Electrical susceptibility χ (e) which describe the electrical behavior of the samples under the influence of the electric field and was determined using the following relation [51] ( ) π ε χ Where k is the extinction coefficient which was calculated for these samples in our previous work [40] .
The dependence of χ (e) on (hν) of these investigated samples is shown in Fig. 8 . From this Fig. it is clear that the values of χ (e) for all these samples increase with (hν). This could be attributed to the increase of electron mobility with (hν), which leads to the increase of the electric susceptibility χ (e) .
The relative permittivity ε r was calculated using the following relation [52] ) 1 ( + = e r χ ε (9) The relation between ε r and (λ) for these films is shown in Fig. 9 . From this Fig. it was seen that , the values of relative permittivity ε r increases with (hν) for all these samples, this could be attributed to the increase of relative permittivity ε r is due to the increase of the electrical susceptibility.
Semiconducting Results
The semiconducting results plays an important role for changing both of electrical and optical properties, so it is important for explanation of the physical properties is that, determination of these semiconducting parameters.
The density of state for both the valence and conduction band were calculated using the following equations [53] :
Where N v , N c were the density of states for both valence and conduction bands respectively, m * e is the effective mass of electrons and had a value of 0.24 m o [54] , m * h is the effective mass of holes and had a value of 0.45 m o [55] , K is the Boltzmann constant and T is the temperature on Kelvin.
The determined values of both N v , N c are shown in Table 1 . The most important factor was determined as a function of N v , N c , this is the position of Fermi level, which was determined using the following relation [53] .
The determined values of the Fermi level Position (FLP) from conduction band is shown in Table 1 , which showed that the values of (FLP) decreases with substrate temperature.
The determined free carrier concentration gives an indication of an important semiconducting parameter which is, surface electric field (E s ), which was determined using the following relation Where e is the electron charge, (N d -N a ) is the calculated free carrier concentration, ε dielectric permittivity of ZnO and had a value of 2.08 [56] And V s is the pinning of Fermi level and equal 0.66 eV [57] . The determined values of the surface electric field is shown in Table . 1, which showed that, the surface electric field decreases with substrate temperature, this is due, the electron mobility increases when the substrate temperature increase, which increase the electron hole recombination at the surface of the sample, which leads finally to decreased the surface electric field.
Conclusion
The high-quality thin films of ZnO were prepared with different substrate temperature deposition (100-500 C) using RF method. The SEM pictures showed that, the grain size increased with substrate temperature. The values of χ (3) increase with (hν) for all samples as a result of increased the mobility of electron incresed, both of the real and imaginary part of χ (3) increased with (hν) for these samples for all substrate temperatures. The values of the n 2 for all these studied samples decreased with (λ), this id duo to the increasing of grain size with substrate temperature. (β c ) increased for all these samples with (hν), which is duo to, (hν) increase the number of excited electrons. The same behavior was noticed for χ (1) Which increased with (hν) as a result of increase of incident light intensity, also both of electrical susceptibility χ (e) and relative permittivity ε r increase with (hν) as a result of the electron mobility increases with (hν). The values of both N v , N c increased with substrate temperature. This is due to the increase in the electron and hole motilities. On the other hand, the determined values of both of (FLP) and E s decrease with substrate temperature as a result of increasing the electron hole recombination at the surface of the sample with substrate temperature. These results give a great chance for control and change the important results such as structure, non-linear optical results and semiconducting results.
By changing the substrate temperature of deposition only, this leads to important industrial applications such as electronic and optoelectronic devices with low coast.
